Abstract
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Introduction 2
Soil is a fundamental resource that provides a number of ecosystem services and it is the dynamic 3 medium on which we produce 99 per cent of our food in addition to fodder, fibre, raw materials and biofuels global population is predicted to reach 9 billion by 2050; in combination with changes in dietary behaviour, 10 a large net increase in productivity and agricultural area is needed (Brevik et al., 2015) . But continuous loss 11 of land and soil cover will make the above situation more critical, due to immense pressure on the soil 12 resource. If we continuously loss soil, then we shall immediately face hurdle to achieve food security in the 13 developing countries like India where agriculture till now is the socio-economic base. It is learned that soil 14 resource is being lost from the land areas 10 to 40 times faster than the rate of soil renewal imperiling future 15 human food security and environmental quality (Pimentel, 2006; Pimentel and Burgess, 2013) . In South
16
Asia, annual loss in soil productivity was estimated at 36 million tons of cereal equivalent valued at US $ we should quantitatively assess the soil erosion, then control the further degradation of soils and restore the 21 soil productivity that are already degraded in the erosion-prone regions where people are most vulnerable.
22
Soil erosion is continuously triggering the land degradation and expansion of wastelands in many extreme form of soil erosion is gully erosion which represents a major sediment producing process, gully erosion. This lateritic region has lost its soil cover at an alarming rate of 20 to 40 t ha -1 yr -1 (Ghosh and maximum and minim temperature is 45° C (April -May) and 9° C (December -January) respectively, with 
Data Collection
12
The base map of study area is derived from the SOI (Survey of India) topographical sheet of 
22
We have employed different empirical equations to quantify the gully erosion and to relate dominant depicting graphically on the scatter diagrams to get overall picture of erosion system.
27
The spatial scale to study erosion processes is here plot-scale (10 to 100 m 2 ) and field scale (100 to 28 10,000 m 2 ). In terms of identifying the geomorphic thresholds in gully initiation, the present experimental and flow accumulation algorithm of ArcGIS 9.3 using drainage lines (digitized from toposheets) and DEM. 
Results and Discussion
31
Threshold of Gully Development
32
Based on the data of slopes (S) and drainage areas (A) of 118 gully-head catchments ( 
Where r is Pearson product moment correlation coefficient, N is total number of sample and N -2 is the 21 degree of freedom.
Where the confidence limit of calculated S E of b is (b + -1.96 S E ).
24
The null hypothesis (H O ) is that there is no significant correlation between the two variables. For 116 25 degree of freedom (N -2) the tabulated t value is 3.29 in 0.001 significance level (two-tailed) but our 26 calculated t value (7.09) much greater that tabulated t. Thus H O is rejected and alternative hypothesis is 27 accepted, which favours a significant inter-relation between S and A in the geomorphic system of gully 
Model Validation and Application
33
We have tried to establish the S -A non-linear relationship (i. stress (τ) which is a ratio between shear stress applied by the flow and average shear stress of gully channel.
39
In these experimental sites with increasing value of S, the magnitude of τ is steadily increased with a linear 
Estimation of Overland Flow through RMMF model and Critical Slope 3
The overland flow is acted as geomorphic extrinsic threshold to gully erosion, depending on 4 effective rainfall, slope and other soil parameters. From the above analysis it is clear that overland flow (i.e. Where, Rf is effective rainfall, R is mean annual rainfall, R o is ratio of mean rainfall to rainy days, PI is 16 permanent interception by vegetation cover on slope, S is slope, R c is soil moisture storage capacity, MS is 17 soil moisture content at field capacity, BD is bulk density of top soils, EHD is effective hydrological depth,
18
is ratio of actual to potential evapotranspiration and L is slope length. Twenty-eight un-trenched slope facets are plotted on that scatter diagram ( figure 9 ) and same logic is 36 put here to drawn that threshold line, taking into consideration of lower most points. It is found that these 13.6°. The only safety factor of these sites is that the lateritic terrain is covered widely by bushes, grasses, 1 few tropical deciduous trees (mainly Sal) and Acacia plantation. (Eq.12)
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Where Z is soil erodibility constant, GC is ground cover, COH is soil cohesion and C is crop cover factor 12 ( and it gives critical S-A value to locate those areas of instability within the valleys where gullies will form.
27
Here the recognition of significant geomorphic intrinsic and extrinsic thresholds (viz., slope, drainage area Table 4 . Validated and significant equations of gully erosion system in the study area 
